Abstract: An electron-transfer chain reaction between 2-nitropropane anion and α-bromoketones derived from nitrobenzene and nitrothiophene was demonstrated by mechanistic study and a specific convenient synthetic protocol. Thus, 2-bromo-1-(5-nitrothiophen-2-yl)ethanone or 2-bromo-1-(4-nitrophenyl)ethanone were reacted with several cyclic nitronate anions to form α,β-unsaturated ketones via a S RN 1 mechanism. This new method can be used to synthesize a wide variety of chalcone analogues.
Introduction
α,β-Unsaturated ketones are useful key intermediates [1, 2] bearing the well-known chalcone pharmacophore. Chalcones can be isolated from several plants, and are precursors of flavones and anthocyan compounds. Some of them exhibit antioxidant and anticancer properties. In fact, the pharmacological properties of chalcones are due to the presence of both α,β-unsaturation [3] and an aromatic ring. It was noticed that among the recently published chalcones possessing antimicrobial activity, several are para-nitrosubstituted derivatives [4] [5] [6] [7] .
Using a retrosynthetic approach, the synthesis of such structures from α-bromocarbonyl compounds was developed with the S RN 1 methodology . Usually, such an electron-tranfer chain reaction between 2-nitropropane anion and halomethyl substrates led to a mixture of a C-alkylation product and an ethylenic compound resulting from nitrous acid elimination from the former alkylation product [8] [9] [10] .
Since Russell and Ros's electron transfer reaction studies [11] , it seemed possible to apply S RN 1 methodology to α-halocarbonyl compounds. Accordingly, we have established a convenient synthesis of α,β-unsaturated ketones 5 and 6 by the reaction of α-bromoketones derived from 5-nitrothiophene and 4-nitrobenzene with nitropropyl anion 4. A mechanistic study of this reaction was also carried out and the data obtained proved that this reaction follows a S RN 1 mechanism. This reaction was extended to cyclic nitronates to synthesize several unknown α,β-unsaturated ketones 10-14.
Results and Discussion
In the nitrothiophene series, the substrate 2-bromo-1-(5-nitrothiophen-2-yl)ethanone (2) was obtained from 1-(5-nitrothiophen-2-yl)ethanone (1), using a quaternary ammonium salt, tetrabutylammonium tribromide (TBABr 3 ) as brominating reagent [12] (Scheme 1). In the nitrobenzene series, the substrate 2-bromo-1-(4-nitrophenyl)ethanone (3) is commercially available. The reaction of the two α-bromoketones 2 and 3 with 2-nitropropyl anion 4 was studied, under classical S RN 1 conditions (light irradiation, inert atmosphere) with several protocol variations, looking for better reaction yields. The ethylenic α,β-unsaturated ketones 5 and 6 were obtained via nitrous acid elimination from the C-alkylation intermediate (Scheme 2). Results are summarized in Table 1 In the light of the above results, it is obvious that the best reaction condition found were: use of methanol as solvent, and two equivalents of 2-nitropropyl anion in the nitrothiophene series and three equivalents in the nitrobenzene series. The S RN 1 reaction mechanism was proved by classical mechanistic study [13] , using inhibition tests by radical inhibitors, radical scavengers and the influence of light. The two bromo derivatives 2 and 3 were used as substrates, and the inhibition results obtained in each case are presented in Table 2 . The yield decrease observed during these inhibition experimentas is closely related to an S RN 1 reaction involving a radical chain mechanism. Therefore, the nature of this particular reaction of α-bromoketones derived from nitrothiophene and nitrobenzene rings is confirmed.
With these simple operating conditions, generalization to other various nitronate anions is possible. Table 3 includes a few examples of the reaction with cyclic nitronate anions which afforded new α,β-unsaturated ketones. In the S RN 1 literature [14] , classically a mixture containing both ethylenic and C-alkylation nitrosubstituted products was obtained from reactions of bromomethyl derivatives. Here, for bromoacetyl derivatives only ethylenic compounds were isolated, in 39% to 85% yields. This could due to the high stability of α,β-ethylenic ketones which may facilitate the nitrous acid elimination from C-alkylation products. Due to their structural analogy with chalcones, all the compounds prepared are currently being tested to evaluate their anticancer potential.
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Experimental

General
Melting points were determined with a B-540 Büchi melting point apparatus. 
Preparation of 2-bromo-1-(5-nitrothiophen-2-yl)ethanone using tetrabutylammonium tribromide
In a two-necked flask, a solution of 1 (0.71 g, 4.16 mmol) in dichloromethane (50 mL) and methanol (20 mL) was stirred at room temperature. Then, tetrabutylammonium tribromide (2.20 g, 4.58 mmol) was added slowly and stirring was continued for 3h. The solvent was then evaporated on a rotary evaporator and a saturated solution of sodium thiosulfate (100 mL) was added to the residue obtained. The aqueous layer was extracted with ether (4×30 mL). The combined organic layer was dried over MgSO 4 
Reaction of α-bromoketones with 2-nitropropyl anion
In a two necked flask, a solution of the corresponding α-bromoketone 2 or 3 (1.64 mmol) in DMF (5 mL), DMSO (5 mL) or methanol (10 mL) was stirred at room temperature under an inert atmosphere (N 2 ) and light irradiation. Appropriate quantities of the lithium salt of 2-nitropropane (4, one eq.: 1.64 mmol, 0.16 g; two eq.: 3.28 mmol, 0.31 g; three eq.: 4.92 mmol, 0.47 g) were added and the reaction mixture stirred for one hour. If DMF or DMSO were used as solvents, water (100 mL) was added and aqueous layer was extracted by dichloromethane (3×40 mL). The combined organic layers were washed with water (5×40 mL). In all cases, organic layer was dried over MgSO 4 filtered and evaporated under vacuum. Purification by chromatography on silica gel eluting with dichloromethane in the nitrothiophene series, and with dichloromethane/petroleum ether (9/1) in the nitrobenzene series led to the corresponding products 5 in 18-90% yield and 6 in 35-63% yield after recrystallization. 
3-Methyl-1-(5-nitrothiophen-2-yl)but-2-en-1-one
Mechanistic study of the reaction between α-bromoketones and 2-nitropropyl anion
All these reactions were peeformed following the previous protocols, in methanol (10 mL), using two equivalents of nitropropyl anion in the nitrothiophene series and three equivalents in the nitrobenzene series.
Generalization of S RN 1 reaction of α-bromoketones with other nitronate anions.
Lithium salts of cyclic nitronate anions were used instead of the 2-nitropropyl anion following the same general procedure of the reaction between α-bromoketones and 2-nitropropane anion in methanol. In the case of nitrothiophene series, two equivalents of the cyclic nitronate were used: lithium salt of nitrocyclopentane 7 (3.28 mmol, 0.40 g) or of nitrocyclohexane 8 (3.28 mmol, 0.44 g). In the nitrobenzene series, three equivalents of the cyclic nitronate were used: lithium salt of nitrocyclopentane 7 (4.92 mmol, 0.60 g), nitrocyclohexane 8 (4.92 mmol, 0.66 g), or nitrocycloheptane 9 (4.92 mmol, 0.74 g). Purification by chromatography on silica gel eluting with dichloromethane in the nitrothiophene series, and with dichloromethane/petroleum ether (9/1) in the nitrobenzene series led to the corresponding products 10-14 after recrystallization. 
2-Cyclopentylidene-1-(5-nitrothiophen-2-yl)ethanone
